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Abstract 
NH4-ZSM-5 is employed for converting dimethyl ether to gasoline (DTG) with the fixed-bed reactor. The lifetime of 
the catalyst can be extended from 10 hours to 197 hours and the aromatic content can be decreased from 56.6 vol.% 
to 30.2 vol.% as H-ZSM-5 replaced by NH4-ZSM-5 for DTG reaction at the experimental conditions of P = 1 atm, T 
= 300 oC, and WHSV (Weight Hourly Space Velocity) = 6.5 h-1. The durability of NH4-ZSM-5 is performed by the 
reaction (1 atm/300 oC/WHSV 6.5 h-1) - regeneration (air 0.5 lpm/570 oC/10 hrs) cycle test. The product distribution 
of the DTG with the NH4-ZSM-5 undergone 6 times regeneration is similar to the fresh one. Moreover, the products 
were analyzed by the in-line GC-MS. The product distribution is similar ether the sample from starting or the sample 
from the 240 hours on stream running at the reaction conditions of P = 1 atm, T = 400 oC, and WHSV = 3.6 h-1. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Gasoline is essential for the transportation industry. Traditionally, gasoline is produced from petroleum. 
In 1973, the beginning of the first energy crisis, interest in synthesis fuels drove the methanol-to-
hydrocarbon research. The most successful synthesized gasoline process is the methanol-to-gasoline 
(MTG) process developed by ExxonMobil[1, 2]. A plant for a gasoline production of 14,500 bpd over a 
H-ZSM-5 catalyst was started up in 1986. Due to the fall in crude oil prices, the gasoline synthesis 
department of the plant was shutdown in 1997. Recently, the MTG is revived because the fluctuation of 
cruel oil price and the peak oil issue. 
DME is the first intermediate of MTG process. The process can be simplified if gasoline is synthesized 
from DME. The Topsøe Integrated Gasoline Synthesis (TIGAS) process of Haldor Topsøe AS, based on 
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DME as reactant and H-ZSM-5 as catalyst, was developed in 1980s. A new pilot plant integrated the 
biomass gasification, the one-step DME synthesis, and the TIGAS gasoline production has been installed 
and tested since 2013[3, 4]. 
The ZSM-5 catalyst is the key factor for MTG or DTG process. The catalyst lifetime and product 
distribution were influenced by the acidity of ZSM-5 zeolite. For acidity modification, typical methods are 
the alkali silicon removing[5, 6], the acid aluminum leaching[7], and the ion exchanging. Typical NH3-
TPD spectrum of the ZSM-5 is shown in Figure 1. The ammonium on the NH4-ZSM-5 can be desorbed 
by the heat treatment. The amount of ammonium desorption was depended on heating rate and 
temperature. Therefore, the concentration of the surface acid sites can be controlled by the temperature 
programming method. In present work, an heat treatment was applied on the NH4-ZSM-5 catalyst. The 
performance of the heat treated NH4-ZSM-5 for DTG reaction was tested with the fixed-bed reactor. 
 
 
Fig. 1. NH3-TPD diagram of ZSM-5 (heating rate 10 oC/min). 
 
Nomenclature 
 
MTG  methanol to gasoline 
DME dimethyl ether 
DTG dimethyl ether to gasoline 
bpd barrels per day 
TIGAS Topsøe Integrated Gasoline Synthesis 
TPD temperature programming desorption 
GC-MS gas chromatography-mass spectrometry 
PONA paraffins, olefins, naphthenes, and aromatics 
WHSV weight hourly space velocity 
lpm liter per minute 
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2. Materials and methods 
The schematic diagram of DTG system is depicted in Figure 2. The untreated NH4-ZSM-5 (Si/Al = 50) 
was supplied by Zeolyst. The H-ZSM-5 was prepared by the high temperature calcination (1 atm/570 
oC/10 hrs) of NH4-ZSM-5. The 5 g catalyst was mixed with 5 g of silica and filled into the reactor. The 
reactant was DME (96.5 vol.% DME balanced N2). The flow rate of reactant was controlled by MFC. The 
reactant was preheated to 190 oC then introduced into the fixed-EHGUHDFWRU7KHUHDFWRUĳ[PP
is made of SUS316L stainless steel tube. The temperature of the reactor was controlled by the furnace. 
The product distribution was monitored by the in-line GC-MS system (Agilent, column: DB-1ms 0.25 
PP ĳ [  P 7KH OLTXLG SURGXFWV RLO DQG DTXHRXV SKDVH ZHUH FROOHFWHG E\ WKH GHFDQWHU DW URRP
temperature and the atmospheric pressure. 
 
 
Fig. 2. Schematic diagram of the DTG system: (1) DME cylinder; (2) MFC, (3) preheater, (4) fixed-bed reactor, (5) furnace, (6) GC-
MS, and (7) decanter. 
 
The gas phase products was vented directly. The oil phase was separated then analyzed with the 
ASTM D6730 detailed hydrocarbon (PONA) method. The DTG reaction was stopped as the 
DFFXPXODWLRQUDWHRIDTXHRXVSKDVHOHVVWKDQPOG. The reactor was purged by N2 with the flow rate of 
1 lpm and the period of 10 minutes. The deposited coke is removed by the regeneration procedure (air 0.5 
lpm/1 atm/570 oC/10 hrs) then the activity of the catalyst will be restored. The lifetime of the catalyst was 
defined as the time passed between the reaction start and the moment of the DME signal shown at the 
spectrum of GC-MS. Moreover, the treated NH4-ZSM-5 was obtained by heat treatment (1.2 atm/570 
oC/10 hrs) of the catalyst placed in the closed DTG reactor. 
3. Results and discussion 
Figure 3 shows the lifetime of the DTG reaction with the catalyst of treated NH4-ZSM-5, untreated 
NH4-ZSM-5, and H-ZSM-5 respectively. The lifetime of H-ZSM-5 was around 10 hours at the reaction 
conditions of P = 1 atm, T = 300 oC, and WHSV = 6.5 h-1. There was no any DTG product as the 
untreated NH4-ZSM-5 employed. However, the lifetime was extended to 197 hours as the treated NH4-
ZSM-5 used. The results of the PONA analysis for oil phase products were illustrated in Figure 4. The 
aromatic content was reduced from 56.2 vol.% to 30.2 vol.% as the H-ZSM-5 replaced by the treated 
NH4-ZSM-5. The acidity of the catalyst is the key factor for DTG reaction. The acidic sites on ZSM-5 
occupied by ammonium were inactive. According to the methanol-to-hydrocarbon reaction path[2, 8], the 
first step of MTG (or DTG) was methanol/DME converted to light olefins then the light olefins reacted to 
form paraffins, heavy olefins, naphthenes, and aromatics. The reactivity of the catalyst was inversely 
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proportional to the amount of adsorbed ammonium. Therefore, the yield of aromatics were decreased as 
NH4-ZSM-5 employed. 
 
 
Fig. 3. The catalytic lifetime of DME dehydration with NH4-ZSM-5 or H-ZSM-5 at the  reaction conditions of  T = 300oC, P = 1 
atm, and WHSV = 6.5 h-1. The catalyst treatment: (a) NH4-ZSM-5 heat treatment h in the fixed-bed reactor with 570 oC/10 h, (b) 
NH4-ZSM-5 untreated, and (3) H-ZSM-5. 
The durability of the catalyst was carried out with the reaction-regeneration cycle test. The conditions 
of the reaction and the regeneration were listed in Table 1. 
Table 1.Conditions for reaction and regeneration 
 reaction regeneration 
reactant DME air 
reation time - 10 hrs 
WHSV (h-1) 6.5 - 
flow rate (lpm) - 0.5 
pressure (atm) 1 1 
temperature (oC) 300 570 
 
 
Fig. 4. The PONA analysis of DME dehydration with NH4-ZSM-5 or H-ZSM-5catalysts at the  reaction conditions of  T = 300oC, P 
= 1 atm, and WHSV = 6.5 h-1. (P: paraffins, I: iso-paraffins, O: olefins, N: naphthenes, A: aromatics, U: unknown) 
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The product distribution analyzed by the in-line GC-MS was shown in Figure 5. After 120 hours of on 
stream running, the total ion current spectra of DTG with the catalyst of the fresh, 3rd regeneration, and 
6th regeneration were taken respectively. There was no significantly difference. The results indicated the 
characteristics of NH4-ZSM-5 were unchanged even undergone 6 times of the high temperature coke 
burning process. 
The thermal stability of NH4-ZSM-5 was tested under the reaction conditions of T = 400 oC, P = 1 atm, 
and WHSV = 3.6 h-1. The GC-MS data DQG WKHDSSHDUDQFHRIRLOSKDVH OLTXLGV show in Figure 6. The 
results indicated the characteristics of the NH4-ZSM-5 catalyst was changed insignificantly after 240 
hours on stream reaction. Therefore, the heat treated NH4-ZSM-5 can work well under the high 
temperature DTG environment. 
 
 
Fig. 5. The PONA analysis of DME dehydration with NH4-ZSM-5 or H-ZSM-5 at the  reaction conditions of  T = 300oC, P = 1 atm, 
WHSV = 6.5 h-1, and on stream times = 120 hrs. The regeneration: (a) fresh, (b) 3 times, and (c) 6 times. 
 
 
Fig. 6. The GC-MS spectrum  and the  pictures of oil phase OLTXLG from the DME dehydration with NH4-ZSM-5 catalyst at the 
reaction conditions of  T = 400 oC, P = 1 atm, and WHSV = 3.6 h-1. On stream time of catalysts: (a) 24 hrs and (b) 240 hrs. 
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4. Conclusion 
NH4-ZSM-5 activated by in-line desorption of ammonia is suitable for DTG process. The lifetime of 
the catalyst can be extended from 10 hours to 197 hours. 7KHDURPDWLFFRQWHQWRIWKHRLOSKDVHOLTXLGLV
reduced from 56.2 vol.% to 30.2 vol.%. The stability of NH4-ZSM-5 is good either reaction-regeneration 
cycle test or high temperature longtime reaction. However, the future study is needed to clarify the 
relationship among the acidity, selectivity, reactivity, and ammonia desorption. 
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